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SUMMARY 
1. Water temperature data were collected over a period of two years 
from four streams in Teesdale. The annual mean temperatures ranged 
from 6.8 to 7.9°C. 
2. The biological implications were studied by using the stream 
temperatures to predict both the times of brown trout eggs to 
hatching (after Crisp, 1981) and the growth of brown trout (after 
Elliott, 1975). The present data support the conclusion of Edwards 
et al. (1979) that homothermy is more important to trout growth 
than annual mean temperature. 
3. Intragravel and stream water temperatures were compared for a spawning 
riffle in Great Eggleshope Beck. Intragravel temperatures were 
warmer than stream water temperatures during the months September 
- April (mean value +0.6°C) but the differences were small compared 
with the error on the two thermographs. The intragravel water showed 
considerably less variation in temperature than the stream water. 
4. The effect of vegetation shading on water temperature was studied 
at Thorsgill Beck, which runs through deciduous woodland. There 
was little difference in stream temperature between open pasture, 
and wooded areas during the winter months, but in summer with 
the trees in leaf the stream in the woodland was up to 0.8°C cooler 
than the open stream (mean difference April - October = 0.46°C). 
5. An analysis was made of the time of day at which the maximum and 
minimum temperatures occurred in Carl Beck. Minimum temperatures 
generally occurred at around 0600 G.M.T., and maximum temperatures 
at around 1500 G.M.T., but the variability of these times increased 
during November - February. 
6. Methods of calculating mean daily temperatures were examined. 
Estimations using the mid-point of the maximum/minimum range were 
usually higher than those from hourly temperature readings. The 
difference between the results from these two methods showed a 
distinct trend; the "maximum/minimum" mean being lower than the 
"hourly" mean during times of rapidly decreasing temperature 
(mean value -0.02°C October - December) but higher in times of 
rapidly increasing temperature. Although a clear trend was shown, 
the differences were small (mean value +0.23°C April - July) relative 
to the thermograph error. 
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INTRODUCTION 
Temperature data were collected from four Pennine streams (becks), 
mainly as background data for ecological work with brown trout (Salmo 
trutta L.). These data are presented here and their biological implications 
to the trout population discussed. Previous examinations of the temperature 
regimes of small northern upland streams have been made by Macan (1958), 
Crisp & Le Cren (1970), and Smith & Lavis (1975). 
METHOD 
Continuous temperature records were obtained from October 1978 to 
October 198O from mercury-in-steel thermographs sited on four Pennine 
streams (Table 1). The instruments were checked weekly for accuracy 
against a mercury-in-glass thermometer and the raw data were corrected 
by using calculated regressions. On Great Eggleshope Beck from October 
1979 to October 1980, the raw data were not corrected as the thermograph 
was adjusted whenever the readings deviated by 0.5°C from the thermometer 
temperature. Daily maximum and minimum temperatures were read from the 
charts and used to calculate a daily mean (Crisp & Le Cren, 1970). The 
accuracy of the thermographs was taken to be ± 0.4°C, and the charts 
could be read to 0.1 °C. 

Additional temperature information was collected from a spring-
fed tributary of Great Eggleshope Beck (Esft) by taking weekly spot 
readings with a mercury-in-glass thermometer in its upper (Esft1) and 
lower (Esft2) courses (Fig. 1). By comparing these spot readings with 
the thermograph records a regression equation was calculated for estimating 
the tributary temperatures at any time, from the thermograph charts. 
The effect of vegetation shading on the temperature of a stream 
was studied at Thorsgill Beck (Fig. 1). The thermograph was situated 
on a section of stream running through open pasture. A maximum/minimum 
thermometer was installed on a wooded (deciduous) part of the stream, 
1 km downstream of the thermograph. The thermometer was reset weekly, 
and comparisons of the mean weekly temperature 
were made between the two sites. In addition, temperature profiles of 
the same section of stream were taken over the course of a year by 
measuring the stream temperature at selected points with a mercury-
in-glass thermometer. 
RESULTS 
Mean monthly temperatures and temperature ranges. 
The annual mean temperatures ranged from 6.8 - 7.9°C (Table 2), 
the coldest beck being Hunder Beck whose temperature remained around 
0°C for two months during the winter of 1979. Thorsgill Beck showed 
the greatest degree of homothermy, having the smallest annual mean of 
daily ranges and the smallest amplitude of monthly means. 
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Beck 
Year 
Oct 
Nov 
Dec 
Jan 
Feb 
Mar 
Apr 
May 
June 
July 
Aug 
Sept. 
Carl 
1978/79 
9.2 
(2.1) 
6.8 
(1.9) 
2.8 
(1.1) 
0.6 
(0.8) 
0.8 
(1.0) 
1.9 
(1.9) 
5.2 
(3.7) 
8.3 
(4.7) 
12.9 
(5.1) 
13.4 
(3.6) 
12.7 
(3.1) 
10.8 
(2.6) 
1979/80 
9.1 
(1.9) 
5.3 
(1.9) 
4.4 
(1.2) 
1.5 
(1.0) 
3.6 
(1.3) 
3.7 
(2.7) 
7.3 
(4.5) 
10.0 
(5.1) 
12.0 
(3.6) 
12.8 
(3.8) 
13.7 
(3.3) 
12.3 
(2.7) 
Eggleshope 
1978/79 
8.7 
(3.4) 
5.5 
(2.5) 
2.5 
(1.2) 
0.7 
(0.8) 
1.0 
(1.3) 
1.7 
(1.9) 
7.3 
(3.2) 
7.5 
(4.9) 
12.6 
(6.9) 
14.1 
(7.0) 
13.3 
(5.7) 
11.0 
(5.3) 
1979/80 
7.9 
(3.0) 
4.6 
(2.1) 
3.8 
(1.4) 
1.8 
(1.4) 
3.1 
(1.8) 
2.8 
(3.5) 
7.1 
(6.4) 
10.3 
(7.8) 
11.8 
(5.4) 
13.1 
(5.7) 
13.5 
(5.2) 
11.4 
(4.2) 
Hunder 
1978/79 
9.0 
(2.3) 
6.4 
(1.6) 
1.2 
(0.7) 
0 
(0.3) 
0.3 
(0.5) 
1.4 
(1.0) 
4.7 
(3.0) 
7.9 
(4.3) 
12.2 
(7.1) 
13.4 
(6.3) 
13.4 
(5.4) 
11.4 
(4.9) 
Thorsgill 
1978/79 
9.3 
(1.6) 
7.2 
(1.3) 
3.1 
(0.3) 
2.2 
(0.3) 
1.9 
(1.1) 
3.1 
(1.1) 
6.1 
(3.3) 
7.9 
(3.9) 
11.9 
(3.7) 
13.0 
(3.8) 
12.0 
(2.9) 
10.2 
(2.5) 
1979/80 
8.6 
(1.8) 
5.7* 
-
5.0 
(1.2) 
2.5 
(1.1) 
4.3 
(1.3) 
4.3 
(2.0) 
7.5 
(3.4) 
9.4 
(4,5) 
11.5 
(2.4) 
12.1 
(2.3) 
12.7 
(1.5) 
11.8 
(1.4) 
Table 2. Monthly mean temperatures, Monthly means of 
daily temperature ranges are shown in parentheses. * Data incomplete, 
temperatures estimated from regression upon Carl Beck thermograph records. 
Table 2. (Continued). 
Beck Carl Eggleshope Hunder Thorsgill 
Year 1978/79 1979/80 1-978/79 1979/80 1978/79 1978/79 1979/80 
Annual 7.1 8.0 7.2 7.6 6.8 7.3 7.9 
mean 
Amplitude 
of monthly 12.8 12.2 13.4 11.8 13.4 11.2 10.2 
means 
(Annual 
mean of ( 2.6) (2.7) (3.7) (4.0) (3.1) (2.1) (2.1) 
daily 
ranges) 
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Annual mean temperatures for 1979/80 were about 0.5°C higher than 
1978/79 and there was a difference of 6 to 12% in degree-days above 
0°C. 
Cumulative frequency plots of daily temperature 
The slope of the plots in Figs. 2-5 indicate the degree of homothermy 
of the becks, the steeper the slope the more constant the temperature 
regime. Thus, Thorsgill has the smallest temperature range (Fig. 2). 
Figures 3 & 4 demonstrate the lower temperatures of 1978/79 relative to 
1979/80. The limited temperature range of Esft and its high degree of 
homothermy are clearly seen in Fig. 5> both features being more marked 
in the upper (Esft1) than in the lower (Esft2) section. 
From the cumulative frequency plots, the time in each year that 
the temperature was within certain ranges was calculated (Table 3). 
Although the mean annual temperatures of the becks were similar (Table 2); 
the pattern of temperature distribution differed markedly. 
Intragravel water temperature and stream water temperature 
During 1979/80 a comparison was made between intragravel water 
temperature and stream water temperature on a spawning riffle in Great 
Eggleshope Beck. The main purpose of the study was to obtain information 
on the local environment of salmonid- eggs, and to assess errors involved 
in using conventional measurements of stream water temperature rather 
than intragravel water temperature to predict hatching time. Intragravel 
temperatures were recorded using a mercury-in-steel thermograph with its 
probe buried at a depth of 0.20 m, placed 0.50 m upstream of the stream 
water temperature probe. 
Figure 2. Cumulative percentage frequency curves of daily mean temperatures 
October.1 1978 - October 1 1979 for Carl Beck, Great Eggleshope 
Beck, Hunder Beck and Thorsgill Beck. 
Figure 3. Cumulative percentage frequency curve of daily mean temperatures 
for Carl Beck 1978-79 and 1979-80 (October 1 - October 1). 
Figure 4. Cumulative percentage frequency curve for Thorsgill Beck 
1978-1979 and 1979-1980 (October 1 - October 1). 
Figure 5. Cumulative percentage frequency curve of daily mean temperatures 
for Great Eggleshope Beck and spring fed tributary (Esft) 
October 1 1979 - October 1 1980. 
Table 3. Percentage of the year for which the daily mean temperature was within given temperature ranges. 
Mean daily temperatures of Esft1 and Esft2 were estimated from regressions upon the Eggleshope 
main beck thermograph records. 
Temperature Carl Eggleshope Esft1 Esft2 Hunder Thorsgill 
Range, °C. 1978/79 1979/80 1978/79 1979/80 1979/80 1979/80 1978/79 1978/79 1979/80 
0 - 5 37.6 43.0 46.7 41.2 19.5 32.3 43.0 39.7 36.1 
5 - 10 29.6 31.2 26.8 29.7 78.6 38.6 31.2 36.1 37.7 
10 - 15 32.4 23.2 24.9 27.0 2.0 28.5 23.2 24.1 25.6 
15 - 20 0.6 2.8 1.7 2.2 0 0.6 2.8 0.3 0.6 
The intragravel water showed considerably less variation in temperature 
than the stream water. It had a smaller mean temperature range throughout 
the year (mean difference -1.97°C), and was slightly warmer than the 
stream water temperature (mean difference +0.6°C) except during the 
summer months (Table 4). Figure 6 shows both the smaller temperature 
range and the generally higher temperatures of the intragravel water. 
The effect on predicted time to hatching using stream temperatures was 
not very great, stream temperatures possibly over-predicting the time 
to hatching by about 5% (Table 5). 
However, the differences in temperatures were small compared with 
the error on the two thermographs which was taken as ± 0.4°C. 
The effect of vegetation shading on the temperature of Thorsgill Beck 
The results of the temperature profiles taken in Thorsgill Beck 
are shown in Fig. 7. Little difference in stream temperature was found 
between the open pasture and wooded areas during the winter months, 
but in summer the stream in the open pasture area was up to 0.8°C warmer 
than the wooded stream.(mean difference April - October = +0.46°C). 
The woodland is entirely deciduous so shading effect within the 
wood was drastically reduced during the winter months owing to leaf 
fall, consequently stream temperatures inside and outside the wood 
during this time were very similar (mean difference December - February 
= +0.23°C outside the wood). During the summer months however, a dense 
leaf canopy developed in the woodland and a slight cooling effect was 
noted. This cooling effect was only slight as the stretch of beck in 
the woodland is only 1 km in length. Roberts & James (1972) working 
in an extensively forested area found a cooling of 2°C in these regions 
as compared with open areas. Also, their forested areas were coniferous 
and therefore had a shading effect on the river all year round which 
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Table 4. Monthly means of daily water temperatures and daily range 
of water temperatures in Great Eggleshope Beck. 
Oct* 1979 7.9 3.0 8.8 1.4 
Nov 4.6 2.1 5.2 1.1 
Dec 3.8 1.4 4.2 0.6 
Jan 1980 1.8 1.4 1.9* 0.5* 
Feb 3.1 1.8 3.3 0.9 
Mar 2.8 3.5 3.7 1.6 
Apr 7.1 6.4 8.0 2.6 
May 10.3 7.8 9.5 3.0 
June 11.8 5.4 11.0 3.2 
July 13.1 5.7 12.7 3.4 
Aug 13.5 5.2 13.4 3.1 
Sept 11.4 4.2 11.8 2.4 
Oct* 6.8 3.6 7.8 2.1 
Asterisk indicates that temperature records were not available for 
the whole month. 

116 101 
17 Oct 1979 3.6 4.4 15 
(106 - 127) (92 - 111) 
119 112 
24 Oct 1979 3.4 3.8 7 
(109 - 131) (102 - 123) 
121 115 
31 Oct 1979* 3.3 3.6 6 
(110 - 132) (105 - 126) 
123 116 
7 Nov 1979* 3.2 3.5 7 
(113 - 135) (106 - 128) 
124 115 9 
14 Nov 1979 3.2 3.6 (113 - 135) (105 - 127) 
126 117 
21 Nov 1979 3.1 3.6 9 
(115 - 138) (105 - 126) 
+ days to 50% hatching predicted from the equation 
log10 days = 28.84 - 13.93 1og10 (temperature °C + 80) (Crisp, in press) 
* main spawning period for beck. 
Table 5: Predicted days to 50% hatching for eggs in Great Eggleshope Beck 
using stream or intragravel water temperatures. 
Fig.7. Temperature profiles in Thorsgill Beck 1980-81. Roman numerals 
I - IV in top diagram denote position of fishing sites. 
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caused temperatures inside the wood in winter to be about 0.5 - 1.0°C 
higher than outside. 
It would seem that the magnitude and type of effect of vegetation 
shading on stream temperatures is dependent on the extent and type of 
the woodland. 
Time of day at which the maximum and minimum temperatures occurred 
in Carl Beck. 
Minimum temperatures in Carl Beck generally occurred at around 
0600 G.M.T. and maximum temperatures at 1500 GMT. This pattern was most 
evident during the summer months (May - August). During the winter 
(November-February) the time of maximum and minimum temperature was 
more variable, the extreme example being January 1979 (Fig. 8), a very 
cold month. 
A comparison of methods used to calculate the daily mean temperature. 
The mid-point between the daily maximum and minimum temperatures 
is commonly taken to represent the daily mean (Macan, 1958). The accuracy 
of this assumption was checked by Crisp & Le Cren (1970), who also 
analysed records from Hough Sike on an hourly basis. They showed that 
the mean calculated from hourly temperatures rarely differed more than 
± 0.5°C from the mid-point of the daily maximum and minimum. This check 
was repeated on Carl Beck temperature data (Table 6) and similar results 
to those of Crisp & Le Cren (1970) were obtained. The difference between 
the means as calculated by these two methods did however show distinct 
trends (Fig. 9). At times of rapidly decreasing temperature i.e.(Autumn), 
the maximum/minimum mean was lower than the hourly mean (mean difference 
-0.02°C October - December), while at times of rapidly rising temperature 
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(March - May) it was higher (mean difference +0.230C April - July). In terms 
of percentage difference, the accuracy lost by using the mid-point of the 
range as mean rather than calculating a mean on an hourly basis was 
within ±2.5% for most months (Fig. 9). 
Biological implications with reference to "brown trout. 
Relationships have been established for brown trout between temperature 
and time of eggs to hatching (Crisp, 1981) and between temperature and 
rate of fish growth (Elliott, 1975). These relationships were used to 
examine the difference between temperature regimes of the four becks 
studied. 
Time of eggs to hatching 
From the daily temperature records the time to hatching of brown 
trout eggs was estimated in each of the 4 becks for (i) a common oviposition 
date of November 1st, and (ii) for the observed day of peak spawning 
activity in each beck (Table 7). The predicted hatching dates in 1978/79 
in the various becks covered the period 23 January to 7 April (74 days) 
and 20 February to 9 April (48 days) when calculations were based on the 
common and the observed spawning dates respectively. Between years, using 
the common oviposition date, hatching was from 9 - 20 days earlier in 
1979/80 than 1978/79. 
Growth 
The equations developed by Elliott (1975) for estimating the growth 
of brown trout on maximum rations cover the range of 3.8 - 19.5°C. Water 
temperatures in the four becks studied fell below this range for approximately 
33% of the time (Table 3). Elliott's equations, extrapolated to water 
temperatures below 3.5°C, predict negative growth (i.e. the fish lose 
Table 7: Time to 50% hatching + of brown trout eggs. 
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weight). The growth of trout was therefore estimated in two ways: 
(i) By assuming that Elliott's equations apply over a slightly extended 
temperature range (as did Edwards et al., 1979) and that fish lose 
weight during the colder winter months. 
(ii) By using 3.8°C as a cut-off point below which the rate of fish 
growth is not known,but assumed to he zero. 
The two methods of calculation made a difference of approximately 
10 g to the estimated final weight of a fish of 10 g initial weight 
(Table 8). Between hecks the predicted rate of fish growth was highest 
in Thorsgill and Carl Becks and lowest in Eggleshope and Hunder Becks. 
Since the calculation of growth using mean weekly temperatures 
was rather time consuming, the calculations were repeated using mean 
monthly temperatures to see how much precision was lost (Table 9). 
The similarity of the final weight estimates depended on the annual 
temperature range of the beck (Table 2), the smaller the range, the closer 
the estimates. Growth, estimated from the mean monthly temperatures, 
was better in 1979/80 than 1978/79. 
DISCUSSION 
Monthly mean temperatures 
The series of streams studied is typical of the range of small 
brown trout streams around Barnard Castle, from Great Eggleshope Beck 
running over exposed heather moor to Thorsgill running through improved 
pasture. The 1978/79 winter was particularly severe and water temperatures 
were consequently much lower than in the milder winter of 1979/80. 
Table 8. Predicted weight of brown trout on maximum rations (after Elliott, 
1975) after one year's growth using mean weekly temperatures. 
Initial weight = 10 g. Period of study Oct 1 1978 - Oct 1 1979. 
For explanation of methods (i) and (ii) see text. 
Table 9. Predicted final weight of brown trout on maximum rations. 
Initial weight = 10 g. Weights calculated using Method (ii) 
(for explanation see text). Growth period October 1 - October 1. 
Table 8. Predicted weight of brown trout on maximum rations (after Elliott, 
1975) after one year's growth using mean weekly temperatures. 
Initial weight = 10 g. Period of study Oct 1 1978 - Oct 1 1979. 
For explanation of methods (i) and (ii) see text. 
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Biological implications 
(a) Predicted time to hatching. 
Using a common oviposition date of November 1st, predicted 
hatching dates had a range of 74 days between the different becks. 
This shows more readily than annual mean temperatures the effect of 
temperature differences between the becks. 
The calculations to predict hatching time were repeated using 
the observed peak spawning dates to see if the different spawning 
times produced a synchronisation of hatching. The observed dates 
did reduce the range of predicted hatching dates to 48 days. 
Year-to-year variations in hatching time were small (mean difference 
was 13 days less in 1979/80 than 1978/79). 
(b) Trout growth. 
The calculations of trout weights were not entirely satisfactory 
because of the limited lower temperature range of the equations 
applied. Of the methods used (i) probably under-estimated,and 
(ii) may have over-estimated the final trout weights. Edwards 
et al. (1979) concluded that homothermy was more important than 
annual mean temperature to trout growth. The present data support 
this conclusion. Great Eggleshope and Carl Beck had very similar 
mean annual temperatures in 1978/79 but the predicted final weight 
of trout was higher in Carl Beck, the stream with the lower annual 
mean of daily ranges (Tables 2 & 8). Variation in temperature 
regime between years accounted for a difference of approximately 
10% in estimated final weights. 
(c) The effect of shading by vegetation. 
The temperature differences found between the shaded and open 
areas of Thorsgill Beck were small, within the error margin of 
±0.4°C of the thermograph, but they were consistent. The temperature 
profiles confirmed their existence and demonstrated that they could 
be as large as 0.9°C. 
Time of day of minimum and maximum temperatures. 
The results of this analysis indicate the times at which maximum 
and minimum temperatures occur in unshaded upland streams. Prom the 
results it can be deduced that the temperatures measured in the profiles 
of Thorsgill Beck (at 1400-1500 hours) must have been close to the 
maximum temperatures. 
A comparison of methods used to calculated the daily mean. 
Calculating mean temperatures from the mid-point of the daily 
range is obviously less laborious than from mean hourly readings. 
It is important however to understand the extent of the loss of accuracy 
in using the quicker method to approximate the mean. Temperatures, 
over most of the year, will tend to be over-estimated and this will 
cause a corresponding increase in predicted fish growth. 
Predictions on time to hatching using temperature data will not 
be greatly affected because during the first few months of incubation 
the mean estimated as will give an under-estimate 
and during the last few months will give an over-estimate of the mean 
temperature (Fig. 8). 
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